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(57) Abstract: The invention relates to agents 
for the prevention of organ damage, in particular 
of the kidneys and the inner ear, induced by 
the administration of aminoglycosides. Agents 
according to the invention are all substances which 
are megalin and/or cubilin antagonists (inhibitors). 
In particular, these are molecules (compounds) 
having polybasic structures which bind to megalin 
and inhibit the binding of aminoglyco -sides and 
related substances. 



wo 03/080103 Al I nil IDIIQI II I1IDI Hill Ifll I II ID Dill HID IIII1 lllll IBI IIIDB llll I1D Dll 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 03/080103 PCT/IB02/01393 

- 

1 

ANTAGONISTS OF MEGALIN OR CUBILIN FOR USE IN PREVENTING ORGAN DAMAGE INDUCED 
BY THERAPEUTIC AGENTS 

The invention relates to agents for the prevention of organ damage, in particular of 
the kidneys and the inner ear, induced by the administration of therapeutic agents. 

5 

Background 

It is known that aminoglycosides are some of the most important antibiotics for the 
treatment of severe bacterial infections. They are the preferred agents against a 
1 0 number of Gram-negative bacteria. Their annual market potential in Germany is 
about 500 million DM. At present, the market share of the aminoglycosides in the 
field of anti-infectious agents is even rapidly increasing. This is above all due to the 
general increase in the occurrence of pathological strain resistance to other classes 
of antibiotics. 

15 

The main obstacle in the clinical use of aminoglycosides is their severe oto- and 
nephrotoxic side effects which especially lead to complete loss of hearing and to 
renal failure in the long term. The use of aminoglycosides is thus not only associated 
with a high risk, but also entails high resulting costs. Their use is therefore restricted 
20 to incidences of the most severe infections in the industrial countries. In the develop- 
ing countries in which aminoglycosides are more often used because of their low 
production costs, these antibiotics account for 70% of all cases of acquired deaf- 
ness. 

25 As for the causes of their toxicity, it is so far only known that aminoglycosides bind 
to the surface of cells in the kidneys and the inner ear and are taken up into the cells 
through unknown mechanisms. As aminoglycosides are only weakly degradable in 
the cells, they accumulate in large numbers and lead to destruction of the cell 
structures and thus to renal damage and loss of hearing. Various surface structures 

30 or receptors have been made responsible for the binding and uptake of the antibiot- 
ics; however, a clear demonstration of the binding sites of aminoglycosides on the 
body cells has not yet been possible. Decorti et al. have postulated that the uptake 
of aminoglycosides is a receptor-independent diffusion process (Decorti et al.1999, 
Life Sciences 65, 1 1 1 5-1 1 24). On the other hand, Moestrup et al. were of the opin- 

35 ion that megalin, a surface receptor of the kidneys, is responsible for the uptake of 
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antibiotics (Moestrup et al., J. Clin. Invest 96, 1404-1413, 1995). However, Moes- 
trup et al. could only show the binding of aminoglycosides to megalin in test tubes 
and in cultivated cells. On the contrary, in an animal model, the use of receptor an- 
tagonists did not lead to any significant inhibition of the aminoglycoside uptake into 
5 the kidneys. Moreover, the aminoglycosides also bind to other surface receptors 

(so-called LRP's) found in the liver, but not in the kidneys. However, as aminoglyco- 
sides are only taken up into the organism in the kidneys and in the inner ear, the 
value of these in vitro experiments is unclear. 

10 Schmitz et al. has shown that megalin deficiency offers protection from renal amino- 
glycoside accumulation however no effective way for inhibition of aminoglycoside 
accumulation in megalin sufficient individuals is discussed or shown (Schmitz, C. et 
al. 777© Journal of Biological Chemistry, Vol 277, No. 1 , Issue of January 4, pp. 61 8- 
622,2002). 

15 

Up to now, various strategies have been used in order to reduce the toxic effects of 
the aminoglycosides. Originally, about 40% of all patients experienced nephro- and 
ototoxic side effects. As these were directly related to the plasma concentration of 
the antibiotics, concomitant plasma concentration determinations were introduced to 

20 control the concentrations of the antibiotics. Moreover, it was shown that administra- 
tion with intervals of 12 or 24 hours is accompanied by fewer side effects than dos- 
age regimens with a more frequent administration. By such measures, the number 
of patients with side effects could be reduced to 10% (Burton, M.E., Vasko, M.R. & 
Brater, D.C. Clin. Pharmacokinetics AO, 1-37 (1985)). However, they led to an in- 

25 crease in the treatment costs. These include the laboratory work for plasma con- 
centration determinations (DM 200-600 for a treatment time of 10 days), further re- 
sources for medical staff and costs of about DM 800 per patient for diagnosis and 
therapy of renal disease. 

30 In another strategy to prevent toxic effects, novel aminoglycosides having fewer side 
effects were developed. An example of these is amikacin, a semi-synthetic deriva- 
tive of kanamycin (Begg, EJ. & Barclay, M.L. Sr. J. Clin. Pharmac. 39, 597-603, 
1 995). The use of amikacin reduced the rate of toxicity to 1-4%. However, this use is 
also connected with a further increase in the therapy costs as amikacin (DM 1 80 per 

35 day) is clearly more expensive than usual gentamicin compositions (DM 35 per day). 
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In general it is doubtful whether this strategy of changing aminoglycoside has any 
effect at all, since a direct correlation between bactericidal effect and toxic effect Is 
seen. Accordingly, Moestrup et al. could show that amikacin has an about 5 times 
poorer binding than gentamicin to megalin (Moestrup et al., 1995). The apparently 
direct correlation between toxicity and bactericidal properties is illustrated by the 
example of amikacin. It is true that this antibiotic has a clearly poorer binding to 
megalin (lower toxicity), but it has to be used in a 10 times higher dosage than usual 
aminoglycosides (lower bactericidal activity). 

As a third attempt to reduce the toxicity associated with aminoglycosides, the si- 
multaneous administration of the antibiotics and substances such as neutrophin-3 
(Ernfors, P., Duan, M.L, ElShamy, W.M. & Canlon, B. Nat Med. 2, 463-467 (1996)), 
nitrendipine (Lee, S.M., Pattison, M.E. & Michael, U.R J. Cardiovasc. Pharmacol. 9, 
S65-S69 (1997)), Pyrola rotundifolia (Xuan, W. & Dong, M. Ann. Otol. Rhinol. La- 
ryngoL 104, 374-380 (1 995)) or antioxidants was tested (Schacht, J. Head and Neck 
Surgery 118, 674-677 (1 998)). The exact mechanisms of the effect of these sub- 
stances are still not clear. So far, none of these uses have been implemented clini- 
cally. 

Furthermore, Ford et al. have shown that aminoglycosides are taken up into the 
kidneys both from the circulation and from the renal filtrate. As megalin is only ex- 
posed to the renal filtrate, the scientific community assumes that alternative recep- 
tors exist (Ford et al., Am. J. Physiol. 1 994, 266, C52-C57). 

A recent article by Girton et al. questions whether the toxicity of aminoglycosides is 
due to uptake mediated by megalin (Girton R.A. et al (2002) Am. J. Renal Physiol., 
282: F703-709). 

Summary of the invention 

Thus, it is an object of the invention to provide substances capable of reducing or 
inhibiting the accumulation of aminoglycosides as well as other toxic medicaments 
in cells, in particular in the kidneys and the inner ear and, in order to avoid damage 
to organs consisting of the cells. 
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Accordingly, in one aspect the present invention relates to the use of a substance 
capable of binding to one or more of the following: 

1) a megalin receptor, and/or 
5 2) a cubilin receptor, and/or 

3) a therapeutic agent, said therapeutic agent being capable of binding to the 
megalin receptor and/or the cubilin receptor, 

* 

for the preparation of a medicament for the treatment of side effects of medical 
1 0 treatment with said therapeutic agent in humans. 

Cubilin is a receptor colocalizing with megalin, that may facilititate the endocytic pro- 
cess of megalin by sequestering the therapeutic agent on the cellular surface before 
megalin-mediated internalization of the cubilin-bound ligand, 

15 

In another aspect the invention relates to a method for treating side effects caused 
by a medical treatment with a therapeutic agent, comprising administering an effec- 
tive amount of a substance, said substance being capable of binding to one or more 
of the following: 

20 

1 ) a megalin receptor, and/or 

2) a cubilin receptor, and/or 

3) a therapeutic agent, said therapeutic agent being capable of binding to the 
megalin receptor and/or the cubilin receptor, 

25 

to an individual in need thereof. 

In a third aspect the invention relates to a combinatorial medicament comprising a 
substance, said substance being capable of binding to one or more of the following: 

30 

1 ) a megalin receptor, and/or 

2) a cubilin receptor, and/or 

3) a therapeutic agent, said therapeutic agent being capable of binding to the 
megalin receptor and/or the cubilin receptor, 

35 
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and said therapeutic agent, wherein said therapeutic agent is capable of causing 

t 

side effects by intracellular accumulation. 

In yet a further aspect the invention relates to a method for evaluating whether 
5 megalin is responsible for cell uptake of a test drug, comprising , 

establishing an animal model, wherein said animal is megalin deficient, 

establishing a control animal being megalin sufficient, 

10 

administering a labeled test drug to both animals, and 

evaluating the amount of labeled test drug in the cells of the animal model and the 
control animal. 

15 

Furthermore, the invention relates to a method for assessing a candidate substance 
for treating side effects of medical treatment, comprising 

immobilising megalin and/or cubilin receptor on a solid support, 

20 

applying a labeled test substance to the solid support, 
washing said solid support, and 
25 detecting labeled test substance on the solid support. 
Drawings 

Fig. 1 : Megalin is responsible for the uptake of aminoglycosides into the kid- 
30 neys. 

Radioactively labelled aminoglycosides (gentamicin) were injected into 26 normal 
(wildtype) and into 3 megalin-deficient mice (knockout). After 24 hours, the secretion 
of the aminoglycosides into the urine and their accumulation in the kidneys were 
35 determined. In wildtype mice, about 10% of the administered aminoglycosides are 
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accumulated in the kidneys and 40% are secreted into the urine. In knockout mice, 
there is no accumulation of the aminoglycosides in the kidneys because of the re- 
ceptor deficiency; 40% of the antibiotics are secreted into the urine. 

5 Fig. 2: Megalin antagonists suppress the uptake of aminoglycosides into the 
kidneys. 

Two groups of wildtype mice received an injection of radioactive gentamicin. One 
group was also injected with polymyxin B, a substance that binds with a high affinity 
10 to megalin and displaces gentamicin from the receptor. The administration of poly- 
myxin B reduces the uptake of aminoglycosides into the kidneys by more than 60%. 

■ 

Fig. 3: BIAcore analysis demonstrating direct binding of gentamicin to 
megalin (panel A) and cubilin (panel B). 

15 

Binding to both receptors is not dependent on the native conformation of the recep- 
tors, since reduction of disulfide-bridges does not significantly interefere with ligand 
binding (cubilin may, however, be somewhat more sensitive to the native receptor 
conformation since reduction affects binding more). Moreover, the addition of EDTA, 

20 which depletes the receptors for calcium and affects receptor stability does not 
abolish binding, indicating that the interaction between receptors and gentamicin 
may depend on simple ionic interactions rather than the overall confirmation of the 
receptors. For comparison, binding of RAP (a protein ligand which is basic in struc- 
ture but known to bind only the native conformation of the receptors) is significantly 

25 inhibited when the disulfide-bridges have been disrupted (panel C; - dotted line is 
cubilin in the presence of a reducing agent). 

Fig. 4: poly-Lysine inhibits accumulation 

30 To provide further evidence that it may be possible to block binding of drugs to the 
receptors by basic compounds we have shown that cellular accumulation of radio- 
labeled gentamicin in cells expressing megalin and cubilin can be inhibited by basic 
compounds like poly-L-lysine but not by acidic compounds such as poly-L-aspartate. 
The figure also shows that RAP, although its binding requires a native conformation 

35 of the receptors (cf. fig 3, panel C) is able to inhibit at least partly the gentamicin 
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binding (C-RAP is the C-terminal domain of RAP), Also, aprotinin and polymyxin B, 
both basic drugs known to be nephrotoxic inhibit gentamicin uptake. 

Fig. 5: Inhibition of uptake of radio-labeled gentamicin into mouse kidney 

The drugs were administrated intravenously. Uptake of gentamicin can be inhibited 
by co-infusion with unlabeled gentamicin, polymyxin and poly-lysine. In contrast to 
the situation in cells, the C-terminal domain of RAP does not inhibit. This is most 
likely because infused RAP rapidly is cleared from the circulation by uptake into the 
liver. 

Detailed description of the invention 

The principle for the present invention is to reduce the side effects, in particular kid- 
ney and inner ear damages, caused by therapeutic agents, possibly due to the ac- 
cumulation of the therapeutic agent in cells in the organs in question. Thus, the in- 
vention is focused on inhibition of the accumulation in the cells of the therapeutic 
agent. The invention is based on the surprising finding that it could be shown for the 
first time that contrary to previous hypotheses, only megalin-mediated processes are 
responsible for the accumulation of the antibiotics in the kidneys when various mod- 
els for the uptake of aminoglycosides were tested. 

Megalin is a 600 kDa endocytosis receptor of the low density lipoprotein (LDL) re- 
ceptor gene family. Megalin is a multifunctional clearance receptor that binds and 
internalises a number of macromolecules. 

The sequence for the megalin receptor is shown as: 
cDNA: U33837 
gene:NTJ)02176 

Accordingly, the present invention relates to the use of substances capable of inhib- 
iting the intracellular accumulation. This may for example be done by inhibiting the 
binding of the therapeutic agent to the megalin receptor by either blocking a suffi- 
cient amount of binding sites on the megalin receptor and/or blocking the therapeu- 
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tic agent so that it maintains the normal therapeutic effect, however is inhibited from 
binding to the receptor. 

Furthermore, the invention relates to inhibiting of the cubilin receptor. Cubilin, a 460 
5 kDa membrane-associated protein colocalizing with megalin, may facilititate the en- 
docytic process by sequestering the therapeutic agent on the cellular surface before 
megalin-mediated internalization of the cubilin-bound ligand. In other words, the 
therapeutic agent may bind to cubilin as well as directly to megalin. Cubilin, how- 
ever, appears not to be able to mediate endocytosis on its own but megalin can 
1 0 physically associate with cubilin and mediate its internalization. 

The sequence for the cubilin receptor is shown as: 

cDNA:XMJ)H904 

1 5 gene: NT_008682 (Homo sapiens chromosome 1 0 working draft sequence seg- 
ment) 

By the present invention classes of substances acting as antagonists have been 
provided; these classes of antagonists reducing the uptake of aminoglycosides into 
20 the organs and thereby suppressing the side effects of these antibiotics. 

Substance 

The substance according to the invention is capable of binding to either one or both 
25 of the receptors discussed above and/or to the therapeutic agent. In case of binding 
to the receptor(s) it is of importance that the binding is effective in respect of block- 
ing binding of the therapeutic agent to the receptor. The megalin receptor for exam- 

■ 

pie comprises 50-100 binding sites for the therapeutic agent gentamicin, and it is 
crucial for the effect of the treatment of this invention, that the substance is capable 
30 of blocking an effective amount of these binding sites. Prior art has shown that the 
naturally occurring substance RAP only binds to a minority of the binding sites, and 
the inhibitory effect of RAP with respect to intracellular accumulation of a therapeutic 
agent is also too small to have a clinical significance. 
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The substance according to the invention may bind either the megalin receptor in 
order to inhibit endocytosis or the cubulin receptor in order to reduce sequestering 
and thereby inhibit or reduce endocytosis. 

5 The substance is preferably either capable of binding to a sufficiently amount of 

binding sites on the receptor(s) or binding to the receptor and stericaily hindering the 
binding of the therapeutic agent. 

In a preferred embodiment the substance according to the invention is capable of 
1 0 binding to cubilin, thereby inhibiting or reducing binding of the therapeutic agent to 
cubilin. 

» 

Polybasic charge distribution 

15 In a preferred embodiment the substance has at least 3 positive charges in solution. 
By selecting the positive charges within an interval of 3 to 300 is normally possible 
to block a sufficient number of binding sites on the megalin receptor and/or the cubi- 
lin receptor thereby inhibiting uptake of the therapeutic agent, in a preferred em- 
bodiment the substance exhibits at least 5 positive charges, such as at least 10 

20 positive charges, such as at least 1 5 positive charges. It is preferred that the poly- 
basic charge distribution is having the same charge distribution as aminoglycosides. 

This is due to the finding that the binding to the receptor(s) is not necessarily de- 
pendent of the native conformation of the receptors, since reduction of disulfide- 

25 bridges does not significantly interefere with ligand binding. Moreover, the addition 
of EDTA, which depletes the receptors for calcium and affects receptor stability does 
not abolish binding, indicating that the interaction between receptors and gentamicin 
may depend on simple ionic interactions rather than the overall confirmation of the 
receptors. For comparison, binding of RAP (a protein ligand which Is basic in struc- 

30 ture but known to bind only the native conformation of the receptors) is significantly 
inhibited when the disulfide-bridges have been disrupted, vide Fig. 3. 

Accordingly, in one embodiment it is preferred that the substances are polybasic. By 
the term polybasic is meant substances having at least 5 positive charges in solu- 
35 tion. 
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Examples of substances exhibiting the preferred positive charge distribution, are 
polymyxin, structurally or functionally related molecules of polymyxin, aprotinin and 
polylysine, wherein polylysine is a sequence comprising the amino acid lysine, said 
5 sequence having at least 5 lysine residues. 

Independent on the charge the substance may be selected from organic molecules, 
peptides, polypeptides, proteins, antibodies, fragments of antibodies, antibody light 
chains, wherein the functional requirement being that they are able to bind to 
10 megalin and/or cubilin and by this binding inhibit the binding and subsequently up- 
take of the therapeutic agent into the cell presenting the megalin and/or cubilin re- 
ceptor. 

Furthermore the substance is preferably not an immunogenic substance. 

15 

Pepti des/proteins 

in one embodiment the substance is selected from peptides and/or proteins capable 
of binding the receptor(s) in question. 

20 

It is preferred that the peptide/protein has a length to fit into the various binding sites 
on the receptor(s). Thus, it is preferred that the peptide/protein has at most 104 
amino acids, preferably from 20 to 60 amino acids. In particular, they are minimal 
functional protein domains. 

25 

Furthermore, it is preferred that at least a part of said peptide or protein exhibits a 
positive charge distribution as described above. 

In one embodiment the substance is preferably derived from naturally occurring 
30 RAP (receptor-associated protein), it is however preferred that the substance is ca- 
pable of binding at least 25 % of the binding sites for the therapeutic agent on the 
megalin receptor and/or the cubilin receptor. Accordingly, it is preferred that the 
substance does not consist of full-length RAP. 



WO 03/080103 PCT/IB02/01393 

11 

RAP (receptor-associated protein) is a cellular protein comprising about 300 amino 
acids, in a preferred embodiment having the sequence shown in: XMJJ03315, 
Gene: AH006949, and known to bind to megalin to suppress the interaction of the 
receptor with ligands (cellular receptor antagonist) (Willnow et al., EMBOJ. 15, 
5 2632-2639, 1996). It has been possible to isolate minimal domains of RAP (pep- 
tides) that carry the minimal functional domains of the receptor binding and inhibition 
and thus also function as megalin antagonists. 

In a preferred embodiment the RAP derived substance is a peptide comprising a 
1 0 minimal functional domain having at most 1 04 amino acids, preferably from 20 to 60 
amino acids. In particular, they are minimal functional protein domains. These pep- 
tides have at the most 1 04 amino acids, preferably from 20 to 60 amino acids. A 
preferred domain is amino acid positions 219-323 of RAP. 

1 5 In another embodiment the peptide/protein is a cubilin fragment, such as a domain 
capable of associating with the megalin receptor. Accordingly/ such a peptide could 
competitively inhibit the association between the megalin receptor and the thera- 
peutic agent or the cubilin co-receptor. 

20 In one embodiment the peptide comprises or consists of fragments of the cubilin 

polypeptide sequence. For example such a fragment may comprise amino acid 1 to 
50, such as amino acid 25 to 75, for example amino acid 50 to 1 00, such as amino 
acid 75 to 1 25, for example amino acid 1 00 to 1 50, such as amino acid 1 25 to 1 75, 
for example amino acid 1 50 to 200, such as amino acid 1 75 to 225, for example 

25 amino acid 200 to 250, such as amino acid 225 to 275, for example amino acid 250 
to 300, such as amino acid 275 to 325, for example amino acid 300 to 350, such as 
amino acid 325 to 375, for example amino acid 350 to 400, such as amino acid 375 
to 425, for example amino acid 400 to 450, such as amino acid 425 to 475, for ex- 
ample amino acid 450 to 500, such as amino acid 475 to 525, for example amino 

30 acid 500 to 550, such as amino acid 525 to 575, for example amino acid 550 to 600, 
such as amino acid 575 to 625, for example amino acid 600 to 650, such as amino 
acid 625 to 675, for example amino acid 650 to 700, such as amino acid 675 to 725, 
for example amino acid 700 to 750, such as amino acid 725 to 775, for example 
amino acid 750 to 800, such as amino acid 775 to 825, for example amino acid 800 

35 to 850, such as amino acid 825 to 875, for example amino acid 850 to 900, such as 
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amino acid 875 to 925, for example amino acid 900 to 950, such as amino acid 925 
to 975, for example amino acid 950 to 1000, such as amino acid 975 to 1025, 1000 
to 1 050, such as amino acid 1 025 to 1 075, for example amino acid 1 050 to 1 1 00, 
such as amino acid 1 075 to 1 1 25, for example amino acid 1 1 00 to 1 1 50, such as 
5 amino acid 1 1 25 to 1 1 75, for example amino acid 1 1 50 to 1 200, such as amino acid 
1 175 to 1225, for example amino acid 1200 to 1250, such as amino acid 1225 to 
1275, for example amino acid 1250 to 1300, such as amino acid 1275 to 1325, for 
example amino acid 1300 to 1350, such as amino acid 1325 to 1375, for example 
amino acid 1 350 to 1 400, such as amino acid 1 375 to 1 425, for example amino acid 

1 0 1 400 to 1 450, such as amino acid 1 425 to 1 475, for example amino acid 1 450 to 

1 500, such as amino acid 1 475 to 1 525, for example amino acid 1 500 to 1 550, such 
as amino acid 1 525 to 1 575, for example amino acid 1 550 to 1 600, such as amino 
acid 1 575 to 1 625, for example amino acid 1 600 to 1 650, such as amino acid 1 625 
to 1 675, for example amino acid 1 650 to 1 700, such as amino acid 1 675 to 1 725, for 

1 5 example amino acid 1 700 to 1 750, such as amino acid 1 725 to 1 775, for example 
amino acid 1 750 to 1 800, such as amino acid 1 775 to 1 825, for example amino acid 
1800 to 1850, such as amino acid 1825 to 1875, for example amino acid 1850 to 
1 900, such as amino acid 1 875 to 1 925, for example amino acid 1 900 to 1 950, such 
as amino acid 1925 to 1975, for example amino acid 1 950 to 2000, such as amino 

20 acid 1975 to 2025, amino acid 2001 to 2050, such as amino acid 2025 to 2075, for 
example amino acid 2050 to 21 00, such as amino acid 2075 to 21 25, for example 
amino acid 21 00 to 21 50, such as amino acid 21 25 to 21 75, for example amino acid 
2150 to 2200, such as amino acid 2175 to 2225, for example amino acid 2200 to 
2250, such as amino acid 2225 to 2275, for example amino acid 2250 to 2300, such 

25 as amino acid 2275 to 2325, for example amino acid 2300 to 2350, such as amino 
acid 2325 to 2375, for example amino acid 2350 to 2400, such as amino acid 2375 
to 2425, for example amino acid 2400 to 2450, such as amino acid 2425 to 2475, for 
example amino acid 2450 to 2500, such as amino acid 2475 to 2525, for example 
amino acid 2500 to 2550, such as amino acid 2525 to 2575, for example amino acid 

30 2550 to 2600, such as amino acid 2575 to 2625, for example amino acid 2600 to 

2650, such as amino acid 2625 to 2675, for example amino acid 650 to 700, such as 
amino acid 2675 to 2725, for example amino acid 2700 to 2750, such as amino acid 
2725 to 2775, for example amino acid 2750 to 2800, such as amino acid 2775 to 
2825, for example amino acid 2800 to 2850, such as amino acid 2825 to 2887 of the 

35 cubilin polypeptide sequence. 
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In another embodiment the peptide/protein is a megalin fragment, such as a domain 
capable of associating with the cubulin receptor. Accordingly, such a peptide could 
competitively inhibit the association between the megalin receptor and the thera- 
5 peutic agent or the cubilin co-receptor. Thus, in another embodiment the substance 
comprise or consists of fragments of the megalin polypeptide sequence. For exam- 
ple such a fragment may comprise amino acid 1 to 50, such as amino acid 25 to 75, 
for example amino acid 50 to 1 00, such as amino acid 75 to 1 25, for example amino 
acid 100 to 150, such as amino acid 125 to 175, for example amino acid 150 to 200, 

1 0 such as amino acid 1 75 to 225, for example amino acid 200 to 250, such as amino 
acid 225 to 275, for example amino acid 250 to 300, such as amino acid 275 to 325, 
for example amino acid 300 to 350, such as amino acid 325 to 375, for example 
amino acid 350 to 400, such as amino acid 375 to 425, for example amino acid 400 
to 450, such as amino acid 425 to 475, for example amino acid 450 to 500, such as 

1 5 amino acid 475 to 525, for example amino acid 500 to 550, such as amino acid 525 
to 575, for example amino acid 550 to 600, such as amino acid 575 to 625, for ex- 
ample amino acid 600 to 650, such as amino acid 625 to 675, for example amino 
acid 650 to 700, such as amino acid 675 to 725, for example amino acid 700 to 750, 
such as amino acid 725 to 775, for example amino acid 750 to 800, such as amino 

20 acid 775 to 825, for example amino acid 800 to 850, such as amino acid 825 to 875, 
for example amino acid 850 to 900, such as amino acid 875 to 925, for example 
amino acid 900 to 950, such as amino acid 925 to 975, for example amino acid 950 
to 1 000, such as amino acid 975 to 1 025, 1 000 to 1 050, such as amino acid 1 025 to 
1 075, for example amino acid 1 050 to 1 1 00, such as amino acid 1 075 to 1 1 25, for 

25 example amino acid 1 1 00 to 1 1 50, such as amino acid 1 1 25 to 11 75, for example 
amino acid 1150 to 1200, such as amino acid 11 75 to 1225, for example amino acid 
1200 to 1250, such as amino acid 1225 to 1275, for example amino acid 1250 to 
1300, such as amino acid 1275 to 1325, for example amino acid 1300 to 1350, such 
as amino acid 1325 to 1375, for example amino acid 1350 to 1400, such as amino 

30 acid 1 375 to 1 425, for example amino acid 1 400 to 1 450, such as amino acid 1 425 
to 1 475, for example amino acid 1 450 to 1 500, such as amino acid 1 475 to 1 525, for 
example amino acid 1500 to 1550, such as amino acid 1525 to 1575, for example 
amino acid 1550 to 1600, such as amino acid 1575 to 1625, for example amino acid 
1 600 to 1 650, such as amino acid 1 625 to 1 675, for example amino acid 1 650 to 

35 1 700, such as amino acid 1 675 to 1 725, for example amino acid 1700 to 1 750, such 
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as amino acid 1725 to 1775, for example amino acid 1750 to 1800, such as amino 
acid 1775 to 1825, for example amino acid 1800 to 1850, such as amino acid 1825 
to 1 875, for example amino acid 1 850 to 1 900, such as amino acid 1 875 to 1 925, for 
example amino acid 1 900 to 1 950, such as amino acid 1 925 to 1 975, for example 
5 . amino acid 1950 to 2000, such as amino acid 1975 to 2025, amino acid 2001 to 

2050, such as amino acid 2025 to 2075, for example amino acid 2050 to 2100, such 
as amino acid 2075 to 2125, for example amino acid 2100 to 2150, such as amino 
acid 2125 to 2175, for example amino acid 2150 to 2200, such as amino acid 2175 
to 2225, for example amino acid 2200 to 2250, such as amino acid 2225 to 2275, for 

10 example amino acid 2250 to 2300, such as amino acid 2275 to 2325, for example 
amino acid 2300 to 2350, such as amino acid 2325 to 2375, for example amino acid 
2350 to 2400, such as amino acid 2375 to 2425, for example amino acid 2400 to 
2450, such as amino acid 2425 to 2475, for example amino acid 2450 to 2500, such 
as amino acid 2475 to 2525, for example amino acid 2500 to 2550, such as amino 

1 5 acid 2525 to 2575, for example amino acid 2550 to 2600, such as amino acid 2575 
to 2625, for example amino acid 2600 to 2650, such as amino acid 2625 to 2675, for 
example amino acid 2650 to 2700, such as amino acid 2675 to 2725, for example 
amino acid 2700 to 2750, such as amino acid 2725 to 2775, for example amino acid 
2750 to 2800, such as amino acid 2775 to 2825, for example amino acid 2800 to 

20 2850, such as amino acid 2825 to 2875, for example amino acid 2850 to 2900, such 
as amino acid 2875 to 2925, for example amino acid 2900 to 2950, such as amino 
acid 2925 to 2975, for example amino acid 2950 to 3000, such as amino acid 2975 
to 3025, amino acid 3001 to 3050, such as amino acid 3025 to 3075, for example 
amino acid 3050 to 31 00, such as amino acid 3075 to 31 25, for example amino acid 

25 3100 to 3150, such as amino acid 3125 to 3175, for example amino acid 3150 to 

3200, such as amino acid 3175 to 3225, for example amino acid 3200 to 3250, such 
as amino acid 3225 to 3275, for example amino acid 3250 to 3300, such as amino 
acid 3275 to 3325, for example amino acid 3300 to 3350, such as amino acid 3325 
to 3375, for example amino acid 3350 to 3400, such as amino acid 3375 to 3425, for 

30 example amino acid 3400 to 3450, such as amino acid 3425 to 3475, for example 
amino acid 3450 to 3500, such as amino acid 3475 to 3525, for example amino acid 
3500 to 3550, such as amino acid 3525 to 3575, for example amino acid 3550 to 
3600, such as amino acid 3575 to 3625, for example amino acid 3600 to 3650, such 
as amino acid 3625 to 3675, for example amino acid 3650 to 3700, such as amino 

35 acid 3675 to 3725, for example amino acid 3700 to 3750, such as amino acid 3725 
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to 3775, for example amino acid 3750 to 3800, such as amino acid 3775 to 3825, for 
example amino acid 3800 to 3850, such as amino acid 3825 to 3875, for example 
amino acid 3850 to 3900, such as amino acid 3875 to 3925, for example amino acid 
3900 to 3950, such as amino acid 3925 to 3975, for example amino acid 3950 to 
5 4000, such as amino acid 3975 to 4025, amino acid 4001 to 4050, such as amino 
acid 4025 to 4075, for example amino acid 4050 to 41 00, such as amino acid 4075 
to 4125, for example amino acid 4100 to 4150, such as amino acid 4125 to 4175, for 
example amino acid 41 50 to 4200, such as amino acid 41 75 to 4225, for example 
amino acid 4200 to 4250, such as amino acid 4225 to 4275, for example amino acid 

1 0 4250 to 4300, such as amino acid 4275 to 4325, for example amino acid 4300 to 

4350, such as amino acid 4325 to 4375, for example amino acid 4350 to 4400, such 
as amino acid 4375 to 4425, for example amino acid 4400 to 4450, such as amino 
acid 4425 to 4475, for example amino acid 4450 to 4500, such as amino acid 4475 
to 4525, for example amino acid 4500 to 4550, such as amino acid 4525 to 4575, for 

1 5 example amino acid 4550 to 4600, such as amino acid 4575 to 4625, for example 
amino acid 4600 to 4655 of the megalin polypeptide sequence. 

In yet another embodiment the peptide or protein comprises a high amount of posi- 
tively charged amino acid residues, in particular a high amount of lysine residue. In 
20 a preferred embodiment the peptide is a polylysine sequence comprising substan- 
tially only lysine residues. Polylysine sequences according to the invention prefera- 
bly comprises from 5 to 300 lysine residues, more preferably from 1 0 to 200 lysine 
residues. 

25 Of course also functional homologues of the polypeptides of the present invention 
may be used as the substance. Functional homologues of polypeptides according to 
the present invention is meant to comprise any polypeptide sequence which is ca- 
pable of associating with a megalin and/or cubilin receptor and thereby prevents 
association between the therapeutic agent and the megalin and/or cubilin receptor. 

30 

Functional homologues according to the present invention comprise polypeptides 
with an amino acid sequence, which are sharing at least some homology with the 
predetermined polypeptide sequences as outlined herein above. For example such 
polypeptides are at least about 40 percent, such as at least about 50 percent ho- 
35 mologous, for example at least about 60 percent homologous, such as at least 
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about 70 percent homologous, for example at least about 75 percent homologous, 
such as at least about 80 percent homologous, for example at least about 85 per- 
cent homologous, such as at least about 90 percent homologous, for example at 
least 92 percent homologous, such as at least 94 percent homologous, for example 
5 at least 95 percent homologous,, such as at least 96 percent homologous,, for exam- 
ple at least 97 percent homologous, such as at least 98 percent homologous, for 
example at least 99 percent homologous with the predetermined polypeptide se- 
quences as outlined herein above. 

1 0 The homology between amino acid sequences may be calculated using well known 
algorithms such as for example any one of BLOSUM 30, BLOSUM 40, BLOSUM 45, 
BLOSUM 50, BLOSUM 55, BLOSUM 60, BLOSUM 62, BLOSUM 65, BLOSUM 70, 
BLOSUM 75, BLOSUM 80, BLOSUM 85, and BLOSUM 90. 

1 5 Functional homologues may comprise an amino acid sequence that comprises at 

least one substitution of one amino acid for any other amino acid. For example such 
a substitution may be a conservative amino acid substitution or it may be a non- 
conservative substitution. 

20 A conservative amino acid substitution is a substitution of one amino acid within a 
predetermined group of amino acids for another amino acid within the same group, 
wherein the amino acids within a predetermined groups exhibit similar or substan- 
tially similar characteristics. Within the meaning of the term "conservative amino acid 
substitution" as applied herein, one amino acid may be substituted for another within 

■ 

25 groups of amino acids characterised by having 

i) polar side chains (Asp, Glu, Lys, Arg, His, Asn, Gin, Ser, Thr, Tyr, and Cys.) 

ii) non-polar side chains (Gly, Ala, Val, Leu, He, Phe, Trp, Pro, and Met) 

30 

iii) aliphatic side chains (Gly, Ala Val, Leu, lie) 

iv) cyclic side chains (Phe, Tyr, Trp, His, Pro) 



35 v) aromatic side chains (Phe, Tyr, Trp) 
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vi) acidic side chains (Asp, Glu) 

vii) basic side chains (Lys, Arg, His) 

viii) amide side chains (Asn, Gin) 

ix) hydroxy side chains (Ser, Thr) 

x) sulphor-containing side chains (Cys, Met), and 

xi) amino acids being monoamino-dicarboxylic acids or monoamino- 
monocarboxylic-monoamidocarboxylic acids (Asp, Glu, Asn, Gin). 

Non-conservative substitutions are any other substitutions. A non-conservative sub- 
stitution leading to the formation of a functional homologue would for example i) dif- 
fer substantially in hydrophobicity, for example a hydrophobic residue (Val, He, Leu, 
Phe or Met) substituted for a hydrophilic residue such as Arg, Lys, Trp or Asn, or a 
hydrophilic residue such as Thr, Ser, His, Gin, Asn, Lys, Asp, Glu or Trp substituted 
for a hydrophobic residue; and/or ii) differ substantially in its effect on polypeptide 
backbone orientation such as substitution of or for Pro or G!y by another residue; 
and/or iii) differ substantially in electric charge, for example substitution of a nega- 
tively charged residue such as Glu or Asp for a positively charged residue such as 
Lys, His or Arg (and vice versa); and/or iv) differ substantially in steric bulk, for ex- 
ample substitution of a bulky residue such as His, Trp, Phe or Tyr for one having a 
minor side chain, e.g. Ala, Gly or Ser (and vice versa). 

* 

Functional homologues according to the present invention may comprise more than 
one such substitution, such as e.g. two amino acid substitutions, for example three 
or four amino acid substitutions, such as five or six amino acid substitutions, for ex- 
ample seven or eight amino acid substitutions, such as from 10 to 15 amino acid 
substitutions, for example from 15 to 25 amino acid substitution, such as from 25 to 
30 amino acid substitutions, for example from 30 to 40 amino acid substitution, such 
as from 40 to 50 amino acid substitutions, for example from 50 to 75 amino acid 
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substitution, such as from 75 to 100 amino acid substitutions, for example more than 
1 00 amino acid substitutions. 

■ » 

The addition or deletion of an amino acid may be an addition or deletion of from 2 to 
5 5 amino acids, such as from 5 to 10 amino acids, for example from 10 to 20 amino 
acids, such as from 20 to 50 amino acids. However, additions or deletions of more 
than 50 amino acids, such as additions from 50 to 200 amino acids, are also com- 
prised within the present invention. 

1 0 Additional factors may be taken into consideration when determining functional 

homologues according to the meaning used herein. For example functional homo- 
logues may be capable of associating with antisera which are specific for the poly- 
peptides according to the present invention. 

15 In a further embodiment the present invention relates to functional equivalents which 
comprise substituted amino acids having hydrophilic or hydropathic indices that are 
within +Z-2.5, for example within +/- 2.3, such as within +/- 2.1 , for example within +/- 
2.0, such as within +/- 1 .8, for example within +/- 1 .6, such as within +/- 1 .5, for ex- 
ample within +/- 1 .4, such as within +/- 1 .3 for example within +/- 1 .2, such as within 

20 +/- 1 .1 , for example within +/- 1 .0, such as within +/- 0.9, for example within +/- 0.8, 
such as within +/- 0.7, for example within +/- 0.6, such as within +/- 0.5, for example 
within +/- 0.4, such as within +/- 0.3, for example within +/- 0.25, such as within +/- 
0.2 of the value of the amino acid it has substituted. 

25 The importance of the hydrophilic and hydropathic amino acid indices in conferring 
interactive biologic function on a protein is well understood in the art (Kyte & Doolit- 
tle, 1982 and Hopp, U.S. Pat. No. 4,554,101, each incorporated herein by refer- 
ence). 

30 The amino acid hydropathic index values as used herein are: isoleucine (+4.5); va- 
line (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine 
(+1.9); alanine (+1.8); glycine (-0.4 ); threonine (-0.7 ); serine (-0.8 ); tryptophan (- 
0.9); tyrosine (-1 .3); proline (-1 .6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); 
aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5) (Kyte & Doolittle, 

35 1982). 
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The amino acid hydrophilicily values are: arginine (+3.0); lysine (+3.0); aspartate 
(+3.0.+-.1); glutamate (+3.0.+-.1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); 
glycine (0); threonine (-0.4); proline (-0.5.+-.1); alanine (-0.5); histidine (-0.5); cys- 
5 teine (-1 .0); methionine (-1 .3); valine (-1 .5); leucine (-1 .8); isoleucine (-1 .8); tyrosine 
(-2.3); phenylalanine (-2.5); tryptophan (-3.4) (U.S. 4,554,101). 

Substitution of amino acids can therefore in one embodiment be made based upon 
their hydrophobicity and hydrophilicity values and the relative similarity of the amino 
10 acid side-chain substituents, including charge, size, and the like. Exemplary amino 
acid substitutions which take various of the foregoing characteristics into considera- 
tion are well known to those of skill in the art and include: arginine and lysine; glu- 
tamate and aspartate; serine and threonine; glutamine and asparagine; and valine, 
leucine and isoleucine. 

15 

In addition to the polypeptide compounds described herein, sterically similar com- 
pounds may be formulated to mimic the key portions of the peptide structure and 
that such compounds may also be used in the same manner as the peptides of the 
invention. This may be achieved by techniques of modelling and chemical designing 
20 known to those of skill in the art. For example, esterification and other alkylations 
may be employed to modify the amino terminus of, e.g., a di-arginine peptide back- 
bone, to mimic a tetra peptide structure. It willbe understood that all such sterically 
similar constructs fall within the scope of the present invention. 

25 Peptides with N-terminal alkylations and C-terminal esterifications are also encom- 
passed within the present invention. Functional equivalents also comprise glycosyl- 
ated and covalent or aggregative conjugates, including dimers or unrelated chemical 
moieties. Such functional equivalents are prepared by linkage of functionalities to 
groups which are found in fragment including at any one or both of the N- and C- 

30 termini, by means known in the art; 

Functional equivalents may thus comprise fragments conjugated to aliphatic or acyl 
esters or amides of the carboxyl terminus, alkylamines or residues containing car- 
boxyl side chains, e.g., conjugates to alkylamines at aspartic acid residues; O-acyl 
35 derivatives of hydroxyl group-containing residues and N-acyl derivatives of the 
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amino terminal amino acid or amino-group containing residues, e.g. conjugates with 
Met-Leu-Phe. Derivatives of the acyl groups are selected from the group of alkyl- 
moieties (including C3 to C1 0 normal alkyl), thereby forming alkanoyl species, and 
carbocyclic or heterocyclic compounds, thereby forming aroyl species. The reactive 
5 groups preferably are difunctional compounds known per se for use in cross-linking 
proteins to insoluble matrices through reactive side groups. 

The peptides, polypeptides and proteins according to the invention may be pro- 
duced by any suitable method known to the person skilled in the art, such as syn- 
10 thetically and recombinant. 

Immunoglobulins 

In another embodiment the substance according to the invention relates to an anti- 
15 body or an antibody fragment directed to the megalin receptor or the cubilin receptor 
or to parts of the receptor(s). The antibody fragments are for example IgG light 
chains or any other IgG fragment. In particular IgG light chains may bind unspecifi- 
cally to the cubilin receptor, and therefore in relation to binding to the cubilin recep- 
tor it is preferred that the substance is a IgG light chain. 

20 

Use of the substances according to the invention, especially the polybasic mole- 
cules, leads to a clear reduction of toxic side effects of the used therapeutic agents, 
and this entails a better therapeutic safety and substantially broader possible appli- 
cations of these therapeutic agents. Furthermore, it has been shown that excess 
25 therapeutic agent does not accumulate in the organs but are secreted. 

The antibodies and antibody fragments according to the invention may be produced 
by any suitable method known to the person skilled in the art. 

30 Assay 

In a further aspect the invention relates to a method for testing the mechanism of 
side effects of various drugs, by testing the drug in question in an assay using an 
animal model. 

35 
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♦ 

Accordingly, the invention relates to a method for evaluating whether megalin is re- 

* * . 

sponsible for cell uptake of a test drug, comprising 

establishing an animal model, wherein said animal is megalin deficient, 

5 

establishing a control animal being megalin sufficient, 

administering a labeled test drug to both animals, and 

10 evaluating the amount of labeled test drug in the ceils of the animal model and the 
control animal. 

In one embodiment the animal model is a mouse model with an induced megalin 
gene defect (knockout mouse; Nykjaer, A. et ah, Cell 96, 507-515). In these animals, 
1 5 the contribution of megalin and other receptor-mediated or receptor-independent 
processes to the drug uptake into the kidneys may be tested. The amount of intra- 
cellular accumulation of the drug in question as compared to a control having suffi- 
cient megalin indicates whether the mechanism of side effects is intracellular accu- 
mulation through megalin binding or some other mechanism. 

20 

In another aspect of the invention the animal model is a mouse model with an in- 
duced RAP gene defect (knockout mouse; Willnow T.E. et al (1 995) Proc. Natl. 
Acad. Sci. 92:4537-4541 ). The RAP knock out mouse is a 50 % deficient mouse 
with respect to megalin, thus capable of uptaking only 50 % of the therapeutic agent 
25 as compared to the megalin sufficient mouse. 

In these animals, the contribution of megalin and other receptor-mediated or recep- 
tor-independent processes to the drug uptake into the kidneys may be quantified. 
The amount of intracellular accumulation of the drug in question as compared to a 
30 control having sufficient megalin indicates whether the mechanism of side effects is 
intracellular accumulation through megalin binding or some other mechanism. 

The two animal models may also be combined. 
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In yet a further aspect the invention relates to a method for assessing a candidate 
substance for treating side effects of medical treatment, comprising 

immobilising megalin and/or cubilin receptor on a solid support, 

5 

applying a labeled test substance to the solid support, 

washing said solid support, and 

1 0 detecting labeled test substance on the solid support. 

The method may for example be used for screening the substance in question in an 
. assay as described below. 

15 The substance according to the invention is preferably a substance capable of in- 
hibiting uptake of labeled (e.g. by biotinylation) drugs, for examples aminoglyco- 
sides, such as gentamicin and/or kanamycin in the following ELISA-plate assay: 

Megalin and cubilin purified from rabbit kidney cortex is immobilized in wells on mi- 
20 crotiter plate or a similar matrix and incubated with the labeled drug of interest alone 
or in the presence of a putative antagonist substance. Inhibition of drug binding is 
visualized by for example an enzymatic reaction. 

In a preferred embodiment the uptake in this ELISA-plate assay is inhibited by at 
25 least 25 % as compared to the control, such as at least 30 % as compared to the 
control, such as at least 40 % as compared to the control, such as at least 50 % as 
compared to the control, such as at least 60 % as compared to the control, such as 
at least 70 % as compared to the control, such as at least 80 % as compared to the 
control, such as at least 90 % as compared to the control. 

30 

Therapeutic agent 

The therapeutic agent according to the invention may be any therapeutic agent ca- 
pable of causing organ damages due to intracellular accumulation in cells in the 
35 organs. In particular the therapeutic agent is capable of accumulating in cells in the 
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kidneys and/or inner ear, thus causing kidney damages as well as damages to the 
inner ear. 

In particular the therapeutic agent is selected from aminoglycosides, such as gen- 
5 tamicin and kanamycin, cisplatin, amphotericin B, ifosfomide, polymyxin B, cyclo- 
phosphomide, methotrexate, aprotinin and valproate. In a preferred embodiment the 
therapeutic agent is an aminoglycoside, such as gentamicin and kanamycin. 

Also fusion proteins or fusion products used for medical treatment wherein one of 
10 the proteins is capable of binding the megalin or the cubilin receptor and the other 
protein/product cell toxic when accumulating in the cells. In particular fusion prod- 
ucts, wherein one part of the product is an antibody or IgG light chain, both capable 
of unspecifically binding to cubilin, and the other part of the product being cytotoxic, 
such as cancer treatment, may be co-administered with a substance according to 
15 the present invention, in order to reduce organ damage, in particular kidney dam- 
age. 

Affinity 

20 As shown in the prior art (Moestrup et al. and Schmitz et al.) merely allowing bind- 
ing of a substance to the megalin receptor does not necessarily cause significant 
reduction of intracellular accumulation of the therapeutic agent. The substance ac- 
cording to the invention preferably has at least 2 times greater affinity to the megalin 
receptor and/or the cubilin receptor than the therapeutic agent, in a preferred em- 

25 bodiment at least 5 times greater affinity, in a more preferred embodiment at least 
10 times greater affinity, wherein affinity is measured by standard methods in the 
art. 

Dosages 

30 

The dosage of the substance according to the invention is depending on the sub- 
stance in question, however the amount of substance is also closely related to the 
therapeutic agent co-administered with the substance as well as the dosage of said 
therapeutic agent. 
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For all methods of use disclosed herein for the compounds, the daily oral dosage 
regimen will preferably be from about 0.01 to about 80 mg/kg of total body weight. 
The daily parenteral dosage regimen about 0.001 to about 80 mg/kg of total body 
weight. 

5 

The term "unit dosage form" as used herein refers to physically discrete units suit- 
able as unitary dosages for human and animal individuals, each unit containing a 
predetermined quantity of a compound, alone or in combination with other agents, 
calculated in an amount sufficient to produce the desired effect in association with a 

1 0 pharmaceutical^ acceptable diluent, carrier, or vehicle. The specifications for the 
unit dosage forms of the present invention depend on the particular compound or 
compounds employed and the effect to be achieved, as well as the pharmacody- 
namics associated with each compound in the host. The dose administered should 
be an " effective amount" or an amount necessary to achieve an "effective level" in 

15 the individual patient. 

Since the "effective level" is used as the preferred endpoint for dosing, the actual 
dose and schedule can vary, depending on inter-individual differences in pharmaco- 
kinetics, drug distribution, and metabolism. The "effective level" can be defined, for 
20 example, as the blood or tissue level desired in the individual that corresponds to a 
concentration of one or more compounds according to the invention. Also, the effec- 
tive level is depending on the therapeutic agent in question, and in particular on the 
concentration of the effective level in question. 

25 Accordingly, in a preferred embodiment the ratio of the substance administered to 
the therapeutic agent administered is in the interval of from 200:1 mol:mol to 1 :200 
moltmol, such as in the interval of from 100:1 mohmol to 1:50 mokmol, such as in 
the interval of from 50:1 mofcmol to 1 :25 mohmol 

30 The substance may be administered in any suitable dosage regime, but is preferably 
administered with the same intervals as the therapeutic agent, preferably either 
shortly before or during administration of the therapeutic agent. 

Most of the therapeutic agents according to this invention are administered paren- 
35 terally, often intravenously. The substance according to the invention may be ad- 
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ministered in any suitable manner according to the formulation thereof, It is however 
often preferred that the substance is administered parenterally, such as intrave- 
nously as the therapeutic agent. 

5 Pharmaceutical composition 

The present invention further relates to a combinatorial medicament comprising the 
substance according to the invention in combination with the therapeutic agent. 
Thus, in another aspect the invention relates to a combinatorial medicament com- 
10 prising a substance, said substance being capable of binding to one or more of the 
following: 

1) a megalin receptor, and/or 

2) a cubilin receptor, and/or 

15 3) a therapeutic agent, said therapeutic agent being capable of binding to the 

megalin receptor and/or the cubilin receptor, 

and said therapeutic agent, wherein said therapeutic agent is capable of causing 
side effects by intracellular accumulation. 

20 

The substance and the therapeutic agent may be administered simultaneously, ei- 
ther as separate formulations or combined in a unit dosage form, or administered 
sequentially. The combinatorial medicament may be formulated by co-formulating 
the substance according to the invention with the therapeutic agent for simultaneous 
25 administration. In another embodiment the combinatorial medicament is formulated 
as two separate medicament for either simultaneous or sequential administration. 

The main routes of drug delivery according to the present invention are intravenous, 
oral, and topical, as will be described below. Other drug-administration methods, 
30 such as subcutaneous injection, which are effective to deliver the drug to a target 
site or to introduce the drug into the bloodstream, are also contemplated. 

The mucosal membrane to which the pharmaceutical preparation of the invention is 
administered may be any mucosal membrane of the mammal to which the biologi- 
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cally active substance is to be given, e.g. in the nose, vagina, eye, mouth, genital 
tract, lungs, gastrointestinal tract, or rectum. 

In the present context the term compound is used to synonymously with the word 
5 substance. Compounds of the invention may be administered parenterally, that is by 
intravenous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or in- 
traperitoneal administration. The subcutaneous and intramuscular forms of paren- 
teral administration are generally preferred. Appropriate dosage forms for such ad- 
ministration may be prepared by conventional techniques. The compounds may also 
1 0 be administered by inhalation, that is by intranasal and oral inhalation administra- 
tion. 

The compounds according to the invention may be administered with at least one 
other compound. The compounds may be administered simultaneously, either as 
1 5 separate formulations or combined in a unit dosage form, or administered sequen- 
tially. The combinatorial medicament may be formulated by co-formulating the sub- 
stance according to the invention with the therapeutic agent for simultaneous ad- 
ministration. In another embodiment the combinatorial medicament is formulated as 
two separate medicament for either simultaneous or sequential administration. 

20 

Pharmaceutical compositions containing a compound of the present invention may 
be prepared by conventional techniques, e.g. as described in Remington: The Sci- 
ence and Practice of Pharmacy 1995, edited by E. W. Martin, Mack Publishing 
Company, 19th edition, Easton, Pa. The compositions may appear in conventional 
25 forms, for example capsules, tablets, aerosols, solutions, suspensions or topical 
applications. 

The compounds of the present invention may be formulated for parenteral admini- 
stration (e.g., by injection, for example bolus injection or continuous infusion) and 

30 may be presented in unit dose form in ampoules, pre-f illed syringes, small volume 
infusion or in multi-dose containers with an added preservative. The compositions 
may take such forms as suspensions, solutions, or emulsions in oily or aqueous 
vehicles, for example solutions in aqueous polyethylene glycol. Examples of oily or 
nonaqueous carriers, diluents, solvents or vehicles include propylene glycol, poly- 

35 ethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., 
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ethyl oleate), and may contain formulatory agents such as preserving, wetting, 
emulsifying or suspending, stabilising and/or dispersing agents. Alternatively, the 
active ingredient may be in powder form, obtained by aseptic isolation of sterile solid 
or by lyophilisation from solution for constitution before use with a suitable vehicle, 
5 e.g., sterile, pyrogen-free water. 

The parenteral formulations typically will contain from about 0.5 to about 25% by 
weight of the active ingredient in solution. Preservatives and buffers may be used. In 
order to minimise or eliminate irritation at the site of injection, such compositions 

10 may contain one or more nonionic surfactants having a hydrophile-lipophile balance 
(HLB) of from about 12 to about 17. The quantity of surfactant in such formulations 
will typically range from about 5 to about 1 5% by weight. Suitable surfactants in- 
. elude polyethylene sorbitan fatty acid esters, such as sorbrtan monooleate and the 
high molecular weight adducts of ethylene oxide with a hydrophobic base, formed by 

15 the condensation of propylene oxide with propylene glycol. The parenteral formula- 
tions can be presented in unit-dose or multi-dose sealed containers, such as am- 
poules and vials, and can be stored in a freeze-dried (lyophilized) condition requiring 
only the addition of the sterile liquid excipient, for example, water, for injections, im- 
mediately prior to use. Extemporaneous injection solutions and suspensions can be 

20 prepared from sterile powders, granules, and tablets of the kind previously de- 
scribed. 
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CLAIMS 

1 . Use of a substance capable of binding to one or more of the following: 

4) a megalin receptor, and/or 

5) a cubilin receptor, and/or 

6) a therapeutic agent, said therapeutic agent being capable of binding to the 
megalin receptor and/or the cubilin receptor, 

for the preparation of a medicament for the treatment of side effects of medical 
treatment with said therapeutic agent in humans. 

2. The use according to claim 1 , wherein the substance is capable of binding to the 
megalin receptor. 

3. The use according to claim 1 , wherein the substance is capable of binding to the 
cubilin receptor. 

4. The use according to claim 1 , wherein the substance is capable of binding to the 
therapeutic agent. 

5. The use according to any of the claims 1-3, wherein the substance has a poly- 
basic charge distribution. 

6. The use according to claim 5, wherein the substance in solution has at least 3 
positive charges. 

7. The use according to any of the preceding claims, wherein the substance is se- 
lected from a peptide, a protein, an antibody or an antibody fragment. 

8. The use according to claim 7, wherein the substance is a fragment of naturally 
occurring RAP (receptor-associated protein). 
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9. The use according to claim 8, wherein the substance is capable of binding at 
least 25 % of the binding sites for the therapeutic agent on the megalin receptor 
and/or the cubilin receptor. 

10. The use according to claim 8 or 9, wherein the peptides are minimal functional 
domains having at most 1 04 amino acids, preferably from 20 to 60 amino acids. 

1 1 . The use according to any of the preceding claims, wherein the substance is se- 
lected from polymyxin and polybasic derivatives of polymyxin. 

12. The use according to any of the preceding claims, wherein the side effect is kid- 
ney toxicity and/or inner ear toxicity. 

13. The use according to any of the preceding claims, wherein the side effect is in- 
duced by accumulation of the therapeutic agent in the cells being affected. 

14. The use according to any of the preceding claims, wherein the therapeutic agent 
is selected from aminoglycosides, such as gentamicin and kanamycin, cisplatin, 
amphotericin B, ifosfomide, polymyxin B, cyclophosphomide, methotrexate, 
aprotinin and valproate. 

1 5. The use according to any of the preceding claims, wherein the substance has at 
least 2 times greater affinity to the megalin receptor and/or the cubilin receptor 
than the therapeutic agent. 

1 6. The use according to any of the preceding claims 1 3-1 5, wherein the binding of 
the substance to the megalin receptor and/or the cubilin receptor reduces intra- 
cellular accumulation therapeutic agent by at least 25 %. 

1 7. The use according to any of the preceding claims, wherein the ratio of the sub- 
stance administered to the therapeutic agent administered is in the range of from 
200:1 mohmol to 1:200 molrmol. 
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18. A method for treating side effects caused by a medical treatment with a thera- 
peutic agent, comprising administering an effective amount of a substance, said 
substance being capable of binding to one or more of the following: 



5 4) a megalin receptor, and/or 

5) a cubilin receptor, and/or 

6) a therapeutic agent, said therapeutic agent being capable of binding to the 
megalin receptor and/or the cubilin receptor, 

10 to an individual in need thereof . 

1 9. The method according to claim 1 8, wherein the substance is capable of binding 
to the megalin receptor. 

1 5 20. The method according to claim 1 8, wherein the substance is capable of binding 
to the cubilin receptor. 

21 . The method according to claim 1 8, wherein the substance is capable of binding 
to the therapeutic agent. 

20 

22. The method according to any of the claims 18-21 , wherein the substance has a 
polybasic charge distribution. 

23. The method according to claim 22, wherein the substance in solution has at 
25 least 3 positive charges. 

24. The method according to any of the preceding claims 1 8-23, wherein the sub- 
stance is selected from a peptide, a protein, an antibody or an antibody frag- 
ment. 



30 



25. The method according to claim 24, wherein the substance is a fragment of natu- 
rally occurring RAP (receptor-associated protein). 
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26. The method according to claim 25, wherein the substance is capable of binding 

* 

at least 25 % of the binding sites for the therapeutic agent on the megalin re- 
ceptor and/or the cubilin receptor. 

27. The method according to claim 25 or 26, wherein the peptides are minimal func- 
tional domains having at most 1 04 amino acids, preferably from 20 to 60 amino 
acids. 

28. The method according to any of the preceding claims 18-27, wherein the sub- 
stance is selected from polymyxin and polybasic derivatives of polymyxin. 

29. The method according to any of the preceding claims 1 8-28, wherein the side 
effect is kidney toxicity and/or inner ear toxicity. 

30. The method according to any of the preceding claims 18-29, wherein the side 
effect is induced by accumulation of the therapeutic agent in the cells being af- 
fected. 

31. The method according to any of the preceding claims 18-30, wherein the thera- 
peutic agent is selected from aminoglycosides, such as gentamicin and kana- 
mycin, cisplatin, amphotericin B, ifosfomide, polymyxin B, cyclophosphomide, 
methotrexate, aprotinin and valproate. 

32. The method according to any of the preceding claims 1 8-31 , wherein the sub- 
stance has at least 2 times greater affinity to the megalin receptor and/or the cu- 
bilin receptor than the therapeutic agent. 

33. The method according to any of the preceding claims 30-32, wherein the binding 
of the substance to the megalin receptor and/or the cubilin receptor reduces in- 
tracellular accumulation therapeutic agent by at least 25 %. 

34. The method according to any of the preceding claims 18-33, wherein the ratio of 
the substance administered to the therapeutic agent administered is at least 
200:1 mokmol to 1 :200 mohmol. 
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35. A combination medicament comprising a substance, said substance being ca- 
pable of binding to one or more of the following: 

4) a megalin receptor, and/or 

5) a cubilin receptor, and/or 

6) a therapeutic agent, said therapeutic agent being capable of binding to the 
megalin receptor and/or the cubilin receptor, 

and said therapeutic agent, wherein said therapeutic agent is capable of causing 
side effects by intracellular accumulation. 

36. The combination medicament according to claim 35, wherein the substance is 
capable of binding to the megalin receptor. 

37. The combination medicament according to claim 35, wherein the substance is 
capable of binding to the cubilin receptor. 

38. The combination medicament according to claim 35, wherein the substance is 
capable of binding to the therapeutic agent. 

39. The combination medicament according to any of the claims 35-37, wherein the 
substance has a polybasic charge distribution. 

40. The combination medicament according to claim 39, wherein the substance in 
solution has at least 3 positive charges. 

41 . The combination medicament according to any of the preceding claims 35-40, 
wherein the substance is selected from a peptide, a protein, an antibody or an 
antibody fragment. 

42. The combination medicament according to claim 41 , wherein the substance is a 
fragment of naturally occurring RAP (receptor-associated protein). 
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43. The combination medicament according to claim 42, wherein the substance is 
capable of binding at least 25 % of the binding sites for the therapeutic agent on 
the megalin receptor and/or the cubilin receptor. 

44. The combination medicament according to claim 42 or 43, wherein the peptides 
are minimal functional domains having at most 1 04 amino acids, preferably from 
20 to 60 amino acids. 

45. The combination medicament according to any of the preceding claims 35-43, 
wherein the substance is selected from polymyxin and polybasic derivatives of 
polymyxin. 

46. The combination medicament according to any of the preceding claims 35-45, 
wherein the side effect is kidney toxicity and/or inner ear toxicity. 

47. The combination medicament according to any of the preceding claims 35-46, 
wherein the side effect is induced by accumulation of the therapeutic agent in 
the cells being affected. 

48. The combination medicament according to any of the preceding claims 35-47, 
wherein the therapeutic agent is selected from aminoglycosides, such as gen- 
tamicin and kanamycin, cisplatin, amphotericin B, ifosfomide, polymyxin B, cy- 
clophosphomide, methotrexate, aprotinin and valproate. 

49. The combination medicament according to any of the preceding claims 35-48, 
wherein the substance has at least 2 times greater affinity to the megalin recep- 
tor and/or the cubilin receptor than the therapeutic agent. 

50. The combination medicament according to any of the preceding claims 47-48, 
wherein the binding of the substance to the megalin receptor and/or the cubilin 
receptor reduces intracellular accumulation therapeutic agent by at least 25 %. 

51 . The combination medicament according to any of the preceding claims 35-50, 
wherein the ratio of the substance administered to the therapeutic agent admin- 
istered is in the range of from 200:1 mohmol to 1 :200 mol. 
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52. A method for evaluating whether megalin is responsible for cell uptake of a test 
drug, comprising 

establishing an animal model, wherein said animal is megalin deficient, 
establishing a control animal being megalin sufficient, 
administering a labeled test drug to both animals, and 

evaluating the amount of labeled test drug in the cells of the animal model and the 
control animal. 

53. A method for assessing a candidate substance for treating side effects of medi- 
cal treatment, comprising 

immobilising megalin and/or cubilin receptor on a solid support, 

■ 

applying a labeled test substance to the solid support, 

washing said solid support, and 

detecting labeled test substance on the solid support. 
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